B
alance is defined as the ability to maintain the projection of the body's center of mass within limits of the base of support, as in standing or sitting, or in transit to a new base of support, as in walking. 1 Balance control is complex and multifactorial. Physiological changes related to aging include reduction in muscle strength, 2 joint range of motion, reaction time, and changes in sensory systems. 3, 4 These factors, combined with pathology affecting these systems, potentially have negative effects on older people's balance control and may lead to balance dysfunction of varying severity.
Management of older people's balance dysfunction plays a key role in fall prevention. Impaired balance and reaction time, as well as loss of lower-limb muscle strength, have been identified as important risk factors for falls in older people. 5, 6 These factors have been shown to be amenable to interventions that can be carried out in the community setting. 7 Published trials have shown that exercise interventions with balance and muscle strengthening components are effective in reducing falls 8 -10 and in improving physiological and functional performance in older people. 11 Most published studies evaluating effectiveness of exercise programs have either targeted "healthy, active older people," 12, 13 without clear classification, or selected samples of older people with moderate to severe levels of balance dysfunction. These samples include frail older people with multiple functional limitations, 14,15 older people residing in institutions, 16, 17 and older people with specific conditions such as stroke 18, 19 or Parkinson disease, 20 a history of falls or multiple falls, 21, 22 or established risk factors for falls. [23] [24] [25] [26] Falls often are used as a trigger to review risk factors (including balance) to determine whether interventions are needed. 27 However, there has been recent interest in approaches to identifying problems contributing to falls before balance impairment becomes more marked and a fall occurs. 28 -30 Curb and colleagues described a need for tests to discriminate performance on the "gradient of functioning at the upper end of the functional spectrum." 31(p738) Using responsive tests of balance performance to identify mild levels of balance impairment could meet this need and identify people who without intervention would be likely to progress to becoming a "faller." Furthermore, from a health promotion and prevention perspective, an exercise intervention introduced when balance dysfunction has recently developed or is of a mild level of severity may be more effective, less expensive, or both, 32 than implementing intervention at a late stage, when more advanced balance dysfunction or falls are occurring.
There is a lack of research into older people with mild levels of balance dysfunction, and the effectiveness of exercise interventions in this group is unknown. Therefore, the current study aimed to investigate the effectiveness of a personalized, homebased exercise program in reversing older people's mild balance dysfunction. The hypothesis tested in this study was that a home exercise program is effective in improving balance performance of older people with identified mild balance dysfunction.
Method
This study was a randomized controlled trial. Clinical and laboratory measures of balance, mobility, gait, and muscle strength were assessed at baseline and at a 6-month reassessment. Participants in the intervention group underwent a personalized, home-based exercise program prescribed by a physical therapist, and participants in the control group continued with their usual activities.
Participants
The sample consisted of 225 community-dwelling men and women aged 65 years and over. Recruitment started in February 2006 and was completed in September 2007. Participants were recruited from metropolitan Melbourne, Australia, by advertising in newspapers and newsletters, as well as through presentations by researchers to community groups of older people. Initially, the project targeted recruitment through veterans' and war widows' agencies. At later stages, recruitment was opened up to include all people aged 65 years or older who met the inclusion criteria.
Eligible participants for this trial were identified by a 2-step process. First, participants were screened prior to the baseline assessment to determine whether they met inclusion criteria. Second, participants were screened in a comprehensive balance assessment, and those who were identified as having mild balance dysfunction were eligible to be included in the trial.
Inclusion criteria were being aged 65 years or over, living in the community, being community ambulant, requiring no walking aid or using a single-point stick only, experiencing no more than one fall in the previous 12 months, and having concerns about balance. Presence of balance concerns as an inclusion criterion was based on participants' positive response to the question: "Are you concerned about your balance?"
All participants who met the inclusion criteria then underwent a comprehensive balance assessment (details of individual measures are contained in the "Outcome Mea-
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sures" section). Those who were identified through this assessment as having mild balance dysfunction were enrolled as study participants. For the purposes of this study, the following criteria were used in classifying participants with mild balance dysfunction: Step width (in centimeters) was reported as a measure of stability during walking.
5.
Step quick turn test (SQT). This test quantified the velocity and stability of turning. Three trials turning to the right and 3 trials turning to the left were assessed. A combined score for the 3 trials of the turn time (in seconds) and turn sway (in degrees per second) on the worse side were reported.
6. Stability during the sit-to-stand (STS) maneuver, a functional measure of lower-limb strength. This measure examined the participant's performance in standing up from a 41-cm-high block seat without upper-extremity assistance and his or her stability. A composite score of 3 trials for rising index (percentage of body weight) and COG sway velocity (in degrees per second) was reported.
A project manual recording standardized study procedures and assessment tools was developed. The research team involved in assessing participants was trained by an experienced neurological/gerontological physical therapist to ensure consistency in data collection.
For measures where performance on the worse side was reported, the worse side was determined by the side with the worse score at baseline. For the 6-month reassessment, the same side was used to derive the reassessment score for these measures.
The Human Activity Profile (HAP) 46 was used to measure participants' activity level, and the Adjusted Activity Score (AAS) was reported. The Assessment of Quality of Life (AQoL) 47 was used to measure health-related quality of life. Fear of falling was measured using the Modified Falls Efficacy Scale (MFES). 48 Demographic data, detailed medical history (self-reported conditions diagnosed by a physician) and medication use, and fall history in the previous 12 months (by retrospective recall) also were collected. Although the study was not powered to evaluate falls as an outcome, preliminary information on falls was collected based on participants' self-report (retrospective recall) at the 6-month reassessment.
Sample Size and Protocol Assignment
The LOS measure (maximum excursion composite score), one of the primary outcome measures on the NeuroCom force platform, was selected for calculation of sample size, based on preliminary analysis of our data from a small-sample pilot study and results of a study by Islam et al 49 that indicated the LOS measures were responsive to exercise in an older, "apparently healthy" sample. Using our pilot data (nϭ12, mean ageϭ76 years), the mean baseline LOS maximum excursion score was estimated as 81 (SDϭ15).
Assuming an expected improvement of 7.5 (ie, 0.5 standard deviation) associated with the intervention, a sample size of 57 participants per group was required (80% power, alpha of .05). This sample size also was sufficient when data for some clinical balance measures (Step Test and FRT) were used. To be able to have 57 participants per study group complete the study, with an expected dropout rate of 20%, we estimated that we needed to recruit 144 participants (72 participants per study arm).
The group allocation schedule was developed by computer-generated random numbers, and the list was managed by a researcher who was not involved in recruiting or assessing participants. Group assignment was made for each participant after the baseline assessment.
Blinding
This study was single-blinded, as only the assessors were blinded to group assignment. 
Intervention and Control Group Activities

Figure.
Flow of participants through the trial.
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Participants in the control group were provided with a fall prevention information booklet 50 describing fall risk factors and strategies to minimize falls. Control group participants continued with their usual activities during the 6-month follow-up period. 
Data Analysis
Role of the Funding Source
The study was funded by the Australian Government Department of Veterans' Affairs, which had no role in project implementation, analysis, interpretation, or manuscript writing.
Results
Over a 19-month period, 225 potential participants were recruited for baseline assessment. According to their baseline assessment results, 60 participants were identified as having balance performance within normal limits for their age. Of the remaining 165 study participants with identified mild balance dysfunction, 82 were randomly assigned to the intervention group and 83 were randomly assigned to the control group. Fifty-nine participants (72.0%) in the intervention group and 62 participants (74.7%) in the control group completed the 6-month reassessment. The flow of the participants through the trial is shown in the Figure. 
Baseline Measures
Participants' characteristics at entry to the study are reported in Table 2 . Participants were aged over 80 years on average, and there were slightly more men than women in both groups. Overall, more than a third of the participants had experienced a fall in the previous 12 months, and less than a quarter reported using a walking stick. The most common medical conditions reported were arthritis (56.9%) and hypertension (54.7%). The distribution of characteristics was similar between the 2 groups. Table 3 summarizes the 2 groups' performance on outcome measures. Participants performed at a similar level at baseline across the 2 groups. Means and standard deviations were reported, as all outcome data were normally distributed.
Withdrawal
Forty-four participants (26.6%)-23 (28.0%) in the intervention group and 21 (25.3%) in the control group-withdrew from the trial. Reasons for not returning for the 6-month reassessment were mostly related to illness (other reasons are detailed in the Figure) . There were no significant differences between participants who completed the trial and those who withdrew, although participants who dropped out had slightly more medical conditions and more prescribed medications on average. Table 4 compares the participants' balance performance at baseline, and there were no significant differences on most of the balance-related measures, except that participants who withdrew 
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from the trial had significantly worse scores at baseline on one clinical outcome measure ( Step Test, worse side) and one laboratory outcome measure (LOS maximum excursion composite score).
Adherence to the Intervention
Participants in the intervention group were asked to keep a daily record of exercises they performed using an exercise log sheet. Of the 59 intervention group participants who attended the 6-month reassessment, 26 (44.1%) completed the exercise program 5 or more times per week, which was considered full adherence, and 23 participants (39.0%) exercised 3 or 4 times per week. Only 8 participants (13.6%) reported exercising less than twice a week on average. No adverse events or side effects associated with the exercise program were reported by the intervention group participants. Table 5 compares participants' performance at the 6-month reassessment between the 2 groups, adjusting for baseline scores. Significant improvements were found in the intervention group relative to the control group on the following measures: step width (walk across test on the NeuroCom force platform), FRT, Step Test (worse leg), hip abductor muscle strength (worse side), and activity level (HAP, AAS). Effect sizes (mean change/SD) were 
Six-Month Reassessment
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0.37 to 1.33) and there were fewer multiple fallers in the intervention group (2 out of 59, 3.3%) than in the control group (8 out of 62, 12.9%), these results were not statistically significant.
Discussion
There is previous evidence that exercise can improve a range of balancerelated outcomes and reduce falls in older people. 9 However, the majority of previous research has targeted older people with increased risk of falls 17, 51 or, in some cases, unscreened community-dwelling older people. 13, 52 The results of this study add to the existing research by targeting a well-screened group of older people with identified mild balance dysfunction. From a prevention or health promotion perspective, this is an important group to 
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target, as many older people do not seek health professional advice until serious injury has resulted from a fall. 53 Assessment and intervention at a stage when balance dysfunction is mild may prevent this group from progressing to having a serious fall, which is when older people more commonly seek professional advice. In addition to potential benefits in preventing falls, improved balance and related performance also are likely to have a positive impact on older people's function and independence. 54 Importantly, one of the significant outcomes of this targeted exercise program was an increased level of physical activity, which can lead to a range of other health benefits in older people. 55, 56 This study demonstrated that a personalized, home-based exercise program based in part on the Otago Exercise Program, which has been shown to be effective in improving balance, strength, and function, 8, 23 can improve mild balance dysfunction in older people. Although previous studies have demonstrated improved physical function or balance performance in frail older people 14, 15 or "healthy older adults," 12,13 the current study provides new insights that this wellscreened group of older adults with mild balance dysfunction can benefit from this type of exercise program. To our knowledge, this study is the first to investigate the effectiveness of a home exercise intervention in well-screened older people with mild balance dysfunction.
In this study, there were fewer fallers and fewer multiple fallers in the intervention group than in the control group, but the differences were not statistically significant. However, these preliminary findings are not conclusive, as the study was not powered to evaluate falls. Additionally, falls data were collected via retrospective recall. Future studies aiming to evaluate the effectiveness of exercise programs in reducing falls in this population are likely to require larger sample sizes based on an appropriate power analysis. To date, there have been few published studies examining older people's mild balance dysfunction. The current study explored screening mild levels of balance impairment in older people by using combined clin-
ical and laboratory measures. As this approach has not been used previously, specific criteria were developed for classifying performance as "within normal limits" or "mild balance impairment" in this study, using a combination of clinical and laboratory balance-related measures.
The 165 participants who were classified as having mild balance dysfunction had a median number of 6 NeuroCom scores that were outside the normative range (25%-75% percentiles: 4 -10). This is a relatively small number out of the total 46 parameters derived from NeuroCom measures. A further indication that the classification process did identify participants with mild balance impairments is gained by comparing the baseline scores on 2 of the clinical balance measures in our study with scores for a well-screened sample of older people who were healthy 58 and a high fall risk group (from a falls clinic). 59 Scores for the
Step Test and the FRT in our sample (approximately 14 steps/15 seconds and 27 cm, respectively) were slightly lower than those reported for the well-screened sample of older people who were healthy (approximately 16 steps/15 seconds and 31 cm, respectively) and were well above scores reported for the falls clinic sample (approximately 8 steps/15 seconds and 23 cm, respectively).
Furthermore, although not an aim of the study, we explored post hoc the accuracy of this classification system in identifying fallers from the control group of participants classified as having mild balance impairment (62 with complete falls data for the 6-month follow-up period, of whom 18 fell) and the 60 potential participants who were recruited but were classified as being within the normal range of balance performance and thus were not included in the randomized trial (53 had complete 6-month follow-up falls data, of whom 4 fell). Using these data, the classification system correctly classified 18 of the 22 fallers, resulting in a sensitivity of 82%. In combination, the comparisons described above and this post hoc sensitivity for classification of fallers analysis provide some support for the classification system to identify mild balance dysfunction used in this study. Further research is needed to clearly define "mild balance dysfunction," to further validate this classification system, and to determine whether a simplified, more time-efficient testing battery that can be widely used in primary care settings will be as accurate in classifying mild balance dysfunction.
This trial was carried out according to the CONSORT statement. 60 A separate researcher performed the randomization, and all assessors involved in data collection were blinded to group allocation. The study also had limitations. The relatively high rate of loss to follow-up (26.6%) is slightly higher than for similar studies and was a limitation of this study. However, the number of participants who dropped out was similar for the 2 groups, and those who dropped out did not differ from those who remained in the study on the majority of the baseline measures, nor were there significant differences in the intervention and control groups for baseline measures in those who dropped out. An intention-to-treat analysis of participants with data available at followup was performed and reported. 60 A further limitation was that the participants were volunteers who responded to advertisements or project promotion, which may limit the generalizability to the wider population. In addition, participants in the intervention group received 3 home visits by an experienced physical therapist, and such home visits may not always be possible in a real-life (non-research) setting. Therefore, further research is needed to investigate whether this approach can be translated into practice through regular community care centers and whether participant adherence levels can be maintained or improved using this approach.
In conclusion, a personalized, homebased exercise program of balance and strength training significantly improved performance on balancerelated measures in older people with mild balance dysfunction. This study provides interesting new data on assessment and exercise interventions for older people with a mild level of balance impairment and confirmed the hypothesis that older people's mild balance dysfunction can improve with a home-based exercise program.
